Chemical control is widely adopted method in mosquito control that emphasizes on the management of the adult and larval populations using various insecticides. Present study was carried out in the year 2015 to use chemicals which were currently being utilized in mosquito control program against prevalent mosquito species (Culex and Aedes spp.) collected from different ecological zones of Punjab (Pakistan) (i.e. Faisalabad, Lahore and Rawalpindi) formed as a result of dengue prevalence to evaluate their efficacy by performing adult bioassay using standard WHO protocols. Results revealed that among three pyrethroids used as adulticides, alpha-cypermethrin 10% SC showed greater residual efficacy and percent mortality on various substrates/surfaces like cement, mud, plaster, wood and filter paper followed by lambda-cyhalothrin 10% CS and deltamethrin 5WP in a period of 20 weeks. Response of these chemicals was greater on filter paper and cement and less on wood and mud. Data collected on these parameters was subjected to SPSS and Minitab software for drawing inferences.
INTRODUCTION
To control mosquitoes, several adulticides are applied as insecticide residual sprays (IRS), space sprayings, treated/impregnated materials (nets) (Vontas et al., 2012) . Pyrethroids are the most important group of insecticides with main usage in household and public health insecticide products (Yap et al., 2000) . Pyrethroids as adulticides are currently the single group of insecticides advocated for the impregnation of mosquito nets and residual sprays because of their high insecticidal strength and quick knock down effect along with their low mammalian toxicity and a comparative safety for human contact and domestic handling (Karunaratne et al., 2013; Hirata et al., 2014) . Among all the control methods, indoor residual spraying (IRS) is one of the important method of vector control (Moosa-Kazemi et al., 2007) including spraying of insecticides on the walls of a home or community building (Kolaczinski et al., 2007) . IRS consist of spraying on indoor surfaces like walls of room, warehouses, stables and shed with the insecticide that keep their efficiency in transmission period and kill or repel vectors (Moosa-Kazemi et al., 2007) . IRS is helpful against the mosquito species that are hidden indoors which are termed as endophilic mosquitoes (Najera and Zaim, 2001) ; so that these can rest on the treated surface for an adequate amount of time to catch a lethal dose (Pates and Curtis, 2005) . Indoor resting is quite frequent at higher elevation where there is a difference between indoor and outdoor temperatures (Pates and Curtis, 2005; Manguin, 2008; Tchuinkam et al., 2010) . IRS is found to be more effective when outdoor temperature is low because mosquitoes spend most of the time indoors on treated surfaces (Paaijmans and Thomas, 2011) . The threshold of bio-efficacy is 80% mortality or 95% knock-down in the exposed mosquitoes (WHO, 2013a) . Residual efficacy of insecticides deposited on the wall is determined by cone bioassay but the quantification of insecticides cannot be determined by this method (Silver, 2008) . The present World Health Organization (WHO) suggestion is to place filter papers on the walls earlier to spraying (WHO, 2006a) . Dose, surface form and age of spray deposits determine the persistency of insecticides in the form of mortality (Giga and Jane, 1991) . Effectiveness and residual life span of different compounds including pyrethroids depends upon the surfaces onto which they are applied (Rohani et al., 1997) . Thus the present work was of significant importance as it focused on the knowledge of common mosquito species from different ecological zones of Punjab (Pakistan) formed as a result of dengue prevalence along with evaluation of efficacy of various adulticides currently being used in dengue control programs.
MATERIALS AND METHODS
Collection of mosquitoes was done from different ecological zones of the Punjab that were formed as a result of dengue prevalence i.e. Lahore (31°32′59″N to 74°20′37″E), Rawalpindi (33° 36′ 0″ N, 73° 2′ 0″ E) and Faisalabad (31°25′4.8″N 73°4′44.4″E) during the year 2014-15. The field collected samples were screened into Culex quinquefasciatus, Aedes aegypti and Aedes albopictus by running specimen through taxonomic key (Rueda, 2004) . Population from respective localities were maintained and reared in Dengue Vector Research Laboratory, Department of Entomology, University of Agriculture Faisalabad Pakistan under laboratory conditions for bioassay. The population was reared at 27±2°C with a relative humidity of 65±5% at L/D 12:12 hour photoperiod. Adults were kept in culture cages provided with 10% sugar solution. Larvae were fed on fish meal while pupae collected daily were transferred to the adult cages. The female mosquitoes were fed on blood of live white rats twice a week (Shaalan et al., 2006) . Three substrates i.e. cement, plaster and mud were prepared in 25 cm diameter petri dishes. Two surfaces i.e. wood and filter papers were cut in a situation that bioassay cone can be fitted to carry out test. Four blocks of each type of substrate/surface were prepared, three for treated and one for control for each treatment. The substrates/surfaces were treated with recommended doses of deltamethrin 5WP (at the rate of 25mg a.i./m²), lambdacyhalothrin 10 CS (at the rate of 25mg a.i./m²) and alphacypermethrin 10% SC (at the rate of 30mg a.i./m 2 ) with the help of Hudson® X-Pert compression sprayer to achieve required rate (Vatandoost et al., 2009) . The plastic cones were fitted on the surface of each substrate/surface using a rubber band. Ten non-blood-fed adult female mosquitoes aged 2-5 days were introduced into each cone at the vertical position. The mosquitoes were exposed for 30 minutes to the treated substrates/surfaces in three replicates and a control (WHO, 2006b) . After exposure time, the adults were transferred to the separate cages provided with 10% sugar solution and the mortality was recorded after 24 hours. This bioassay was conducted on weekly basis up to 20 th week to evaluate the performance of chemicals on respective substrates/surfaces. Culex quinquefasciatus population was collected from all the three districts, however, regarding Aedes species, population collected from Lahore and Faisalabad district was of Aedes aegypti while from Rawalpindi district it was Aedes albopictus. The threshold bio-efficacy was 80% mortality on the treated substrate/surface (WHO, 2013a). Data so collected was analyzed using 2 factors CRD.
RESULTS
The overall results indicates that the three chemicals i.e. deltamethrin 5WP, lambda-cyhalothrin 10% SC and alphacypermethrin 10% CS showed a significant difference in causing the mortalities of C. quinquefasciatus, A. aegypti and A. albopictus in terms of both residual efficacy (80% mortality) and percent mortality up to 20 th week but in the early weeks of the study, response of all the chemicals to all the substrates/surfaces was quite similar between the species in terms of mortality as shown in Table 2 and Table 4 where data is shown month wise. After 2-3 months and onward significant difference was recorded in terms of mortality (Table 2, 4). Means sharing similar letter within a cell (within lines) are statistically non-significant (P>0.05). Means sharing similar letter within a cell (within lines) are statistically non-significant (P>0.05). Response of the chemicals varied i.e., deltamethrin 5WP showed least residual efficacy (approximately 2 months for A. aegypti and A. albopictus and 1 month for C. quinquefasciatus) and percent mortality at 20 th week as compared to lambda-cyhalothrin 10% SC (residual efficacy approximately 2.5-3.5 months for A. aegypti and A. albopictus and 1.5-2.5 months for C. quinquefasciatus) on tested surfaces/substrates as shown in Fig. 1-18 . Alphacypermethrin 10% CS showed highest residual efficacy (approximately 3.5-4.5 months for A. aegypti and A. albopictus and 2.5-3 months for C. quinquefasciatus) and percent mortality at 20 th week than the other two chemicals tested ( Fig. 1-18) . A. aegypti and A. albopictus showed more susceptibility in terms of percent mortality as compared to C. quinquefasciatus. Population of C. quinquefasciatus and A. aegypti from Lahore was found less responsive to the chemicals tested as compared to the population from Faisalabad and Rawalpindi. Filter paper showed highest efficacy and mud showed least among the substrates/surfaces tested. Response of these substrates/surfaces to the applied chemicals was same and non-significant differences were recorded between substrates/surfaces and chemicals interactions.
DISCUSSION
These results are close to that of WHO which states that deltamethrin wettable powder (WP) and water dispersible granules (WG) and lambda-cyhalothrin 10% CS has the residual activity estimated between two and six months (WHO, 2009; WHO, 2013b) . Findings of Paredes-Esquivel et al. (2016) are also similar to our results that showed mortality of A. aegypti was greater than 80% for 8 weeks when deltamethrin was applied to painted wood, unpainted wood and brick. The residual activity of deltamethrin reported by Rozilawati et al. (2005) on wood-brick houses against A. aegypti and A. albopictus was found to be of six weeks which is also close to our results. However, these results are somewhat dissimilar to that of Raeisi et al. (2008) and Mohammad et al. (2011) in which they reported the effectiveness of deltamethrin against Anopheles and Culex species up to 4 months. The effectiveness of alpha-cypermethrin WP and WG was reported up to 4 months on cement and mud wall against An. stephensi by Faraj et al. (2013) and Ratovonjato et al. (2014) which match with our results on cement but dissimilar to that of mud in which relatively less effectiveness was found in our results. Alpha-cypermethrin WG, WP and SC formulation used in IRS showed efficacy up to four months against An. stephensi and An. culicifacies as reported by Rowland et al. (2000) ; Grieco et al. (2007) and Thanispong et al. (2009) which are similar to our results. Alpha-cypermethrin WG-SB formulation showed residual efficacy (>80% mortality) for 13-15 weeks against An. stephensi as reported by Uragayala et al. (2015) which is very close to our results on different substrates used against A. aegypti and A. albopictus. Moreover, the residual efficacy of alpha-cypermethrin reported by Mahmood and Reisen (1981) and Boewono (2005) against An. aconitus is similar to that of our results against C. quinquefasciatus which is approximately of 3 months but dissimilar to that of A. aegypti and A. albopictus which is about 4 months. The results of IRS trials conducted in Philippines with alpha-cypermethrin WP showed 100% mortality up to seven months on all treated surfaces except on cement (90%) reported by WHO (1998) are dissimilar to our results. Wood surfaces treated with alpha-cypermethrin showed higher bio-efficacy than cement surfaces reported by Tseng et al. (2008) are also dissimilar to our results in which our findings showed that cement surfaces have higher bioefficacy than wood surfaces. The results of Matthews et al. (2009 ), Raghavendra et al. (2011 ), Agossa et al. (2014 ) and WHOPES (2015 revealed that the residual efficacy of lambda-cyhalothrin is up to twofour months on different surfaces against malarial vectors which is similar to our results against A. aegypti and A. albopictus. The results of WHOPES supervised trial of lambda-cyhalothrin in Benin showed the persistence of effectiveness up to two months which is slightly less than our results whereas the results of the trial in India reported persistence up to four-six months which is significantly higher than our results (WHOPES, 2007) . N 'Guessan et al. (2010) reported loss of activity in lambda-cyhalothrin treated cement-sand walls within a few months against C. quinquefasciatus which is similar to our results about C. quinquefasciatus. The shorter residual life of lambdacyhalothrin (i.e. less than 6 months) on cement surface was described earlier by Corbel et al. (2007) which might be due to pyrethroid resistant mosquitoes that may reduce the duration of protection to a month or less, despite surface residues persisting for much longer.
Effectiveness of lambda-cyhalothrin lasted up to four, five and three months, respectively, on wood, bamboo and brick walls in bioassay carried out against An. dirus (WHOPES, 2007) . Effectiveness of lamda-cyhalothrin on cement surface was reported up to 6 months by Corbel et al. (2007) and Rowland et al. (2013) and approximately 100% mortality of An. gambiae was observed on sprayed surfaces up to seven months by Curtis et al. (1998) . Results of all of these researchers are significantly different as their results indicates higher residual efficacy of lamda-cyhalothrin as compared to our findings. Darriet (1991) reported that alpha-cypermethrin and lambdacyhalothrin showed equal toxicity against free-living Anophelines but according to Dorta et al. (1993) ; Sulaiman et al. (1996) and Hougard et al. (2003) bioassay tests indicated that alpha-cypermethrin was more persistent than lambda-cyhalothrin on mud, wood, cement and thatch surfaces which endorsed our results. Lambda-cyhalothrin impregnated papers were found to be more effective as compared to deltamethrin impregnated papers against females of A. albopictus in laboratory conditions (Sulaiman et al., 1991) which is similar to our results that indicates that lamdacyhalothrin is more effective than deltamethrin. The results of Vatandoost et al. (2009) and Mushtaq et al. (2015) are in accordance with our findings in which they reported that filter paper surface yielded long residual activity of deltamethrin and mud yielded least when compared with plaster, wood and cement after five months of post IRS application against An. stephensi and A. aegypti. The current WHO recommendation is to place filter papers on the walls prior to spraying (WHO, 2006a) which also supports our results that filter paper have best residual activity of chemicals applied to it. The residual efficacy of lamda-cyhalothrin and deltamethrin reported by Etang et al. (2011) is about 4-7 months on different surfaces which is significantly higher than our results but their results endorsed our findings in terms of effectiveness of surfaces in which mud and wood surfaces showed less effectiveness than concrete/cement. The less residual activity on mud surface by deltamethrin as compared to other surfaces is similar to the findings of Clark and Rangel (1998) in which they observed that deltamethrin gave mortalities of more than 80% for ≥1 month against An. darling. The shorter residual activity of lambda-cyhalothrin CS on mud surfaces as compared to cement surfaces against An. gambiae was also reported by Tchicaya et al. (2014) which is similar to our results in which mud showed less residual activity as compared to cement. The fast rate of decay of lambda-cyhalothrin on mud surfaces as compared to cement against C. quiniquefasciatus was also stated by Rowland et al. (2013) that endorse our findings. The less persistence of the applied chemicals on the mud as compared to other was also reported earlier by Okumu et al. (2012) which stated that insecticidal activity on mud walls decayed over two months which is concurrent to our results.
This was earlier described by Mpofu et al. (1988) in which they stated that insecticides degrade much faster on porous surfaces. Also, this phenomenon was reported by Hadaway and Barlow (1963) in which they stated that mud surfaces generally absorb some of the applied insecticide and certain types of mud may also break down insecticides chemically. The difference in the effectiveness and residual life span of different pyrethroids in our results is due to the surface onto which these are sprayed as described earlier by Rohani et al. (1997) .
The results of Ansari et al. (1997) showed mortality of An. culicifacies more on mud (12 weeks) as compared to cement (10 weeks) and that of Raeisi et al. (2010) also showed the residual activity of mud (2.5 months) greater than cement (1 month) when treated with deltamethrin against An. stephensi. These results showed mud has longer persistence as compared to cement which is dissimilar to our findings. Alpha-cypermethrin and lamda-cyhalothrin showed less effectiveness against C. quinquefasciatus as compared to Aedes notoscriptus as reported by Pettit et al. (2010) which is almost similar to our results suggesting higher efficacy of these chemicals against Aedes species and low efficacy against C. quinquefasciatus. This less responsive behavior of C. quinquefasciatus against generally used pyrethroids resulting in low mortality in our findings is in accordance with the work of Yap et al. (1995) ; WHO (1996) ; Sathantriphop et al. (2006) ; Pridgeon et al. (2008) ; Kumar et al. (2011); Ekloh et al. (2013) and Naseri-Karimi et al. (2015) .
Conclusion:
Alpha-cypermethrin 10% SC showed greater residual efficacy and percent mortality on different substrates/surfaces like cement, mud, plaster, wood and filter paper followed by lambda-cyhalothrin 10% CS and deltamethrin 5WP in a period of 20 weeks study. Response of these chemicals was seen greater on filter paper and cement and less on wood and mud.
